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ABSTRACT, - Chromosomal sets of the White Sea herring {Ciupea pallasi marisalbi, Berg) were 
studied to resolve the problem of its population structure. Adults, larvae and embryos were analyzed. It 
was found that populations from different locations differ in frequency of Robertsonian rearrangement 
(2n - 52, 51, 50; MF = 60). Frequency of rearrangement increases from north-west (0,000-0.005) to 
south-east (0.133) of the White Sea. Chromosomal differences between fast- and slow-growing herring 
have not been found. According to karyological data, the White Sea herring subspecies can be consi¬ 
dered as a group of populations of Pacific origin with only a poor gene flow between them. 

RESUME. - Structure de la population de hareng {Ciupea pallasi marisalbi) de la Mer Blanche: varia¬ 
bility entre populations dans la frequence de rearrangement chromosomique. 

Les caryotypes de hareng ( Ciupea pallasi marisalbi, Berg) de la Mer Blanche ont 6t6 etudes 
pour ddfinir la structure de la population. Des embtyons, des larves et des indi vidus adultes ont 6i€ 
analyses. La seule difference entre les populations provenani de diverses localitds est celle de la 
frequence de rearrangement chromosomique de Robertson. La frequence de ce rearrangement chro¬ 
mosomique augmente du nord-ouest (0,000-0,005) au sud-est (0,133) de la Mer Blanche, Aucune 
difference chromosomique n'adtd ddteetee entre les indi vidus a croissance lente ou rapide. Selon les 
donndes caryologiques, on peut considerer les sous-esp£ces de hareng de la Mer Blanche com me un 
groupe de populations originaires du Pacifique, avec un faible echange de g&nes. 

Key-words. - Oupeidae. Ciupea pallasi marisalbi, PNE, White sea. Chromosomal polymorphism. 
Population structure. 


Herring, having a large significance for fisheries, have been the object of inten¬ 
sive population studies. However, despite a considerable body of data available, impor¬ 
tant questions of population structure remain unresolved. A prime example of this is the 
White Sea herring (Ciupea pallasi marisalbi Berg)* a subspecies of Pacific herring (Rass, 
1985; Rass and Wheeler, 1991; Whitehead, 1985), The position of the White Sea herring 
in the genus Ciupea and the interrelations between its stocks are yet unclear. 

Most researchers believe that stocks of the White Sea herring are genetically iso¬ 
lated. Some authors (Dushkina, 1975. 1988; Skvortzova, 1975) assume that these stocks 
differ in origin and "...have a systematic range not lower, than that of subspecies, or even 
species' 1 (Dushkina, 1975, p, 249), The opponents consider that the White Sea herring is 
a single population, "a single biological whole" with diversity a consequence of high 


(1) Zoological Institute, Russian Academy of Sciences, Universitetskaya nab, 1, 199034, St.-Petersburg, 
RUSSIA. 
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Fig. ]. - Sampling locations of herring in the White Sea: 1. Chavanga/Basin-Tersky coast (66 cl 03'N, 
37"46’E); 2. Pila/Kandalaksha Bay (66“44'N, 34°10'E); 3. Kasian/Kandalaksha Bay (66“34'N, 33 L> 28 , E); 
4. Chupa/Kandalaksha Bay (66°28’N, 33°30'E); 5. Pongoma/Basin-Karelsky coast (65*22'N, 34°28'E); 
6. Soiokskaya/Onega Bay (64°32'N, 34 D 49E); 7. Kolezhma/Onega Bay (64°25’N, 36 t, 00'E); 

8, Kiy/Onega Bay (64 t '15'N, 37"55E); 9. Pushlakhta/Basin-Liamitzky coast (64°49’N, 36“34'E); 
10. Suzma/Dvina Bay {64'45'N, 36°02E). 
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ability to vary the mode of life and the growth rate (Lapin, 1966; Lapin and Pokhiliuk, 
1993). 

Karyological studies often yield important information on fish population struc¬ 
ture and evolution (VasiLev, 1985), Previous studies of the White Sea herring 
(Skvortzova, 1974a, 1975; Krysanov, 1978) indicated considerable chromosomal varia¬ 
tion between stocks. The aim of this paper is to use karyological analysis to resolve 
problems of the White Sea herring population structure. 


MATERIAL AND METHODS 

Data were collected in 1985-1990. Sampling covered most of the area of the White 
Sea herring (Fig. 1). Adults, larvae and embryos were used for chromosomal analysis. 

Adults 

Adult fishes were caught with gill nets, seines and bottom trawls. They were mea¬ 
sured from the tip of the head to the end of the middle rays of the caudal fin. Age was esti¬ 
mated by scale reading and analysis of otholiths. Fishes were categorized as slow- or fast¬ 
growing according to their age and size (Rabinerson, 1925; Averintsev, 1927, 1928; 
Lajus, 1989b). The average length of fast-growing herring is 4-8 cm more than that of 
slow-growing individuals (Dmitriev, 1946). 

The number of vertebrae in juvenile fishes (23 specimens from Sorokskaya Inlet, 
August 1990) was counted in order to differentiate the White Sea herring from the Atlantic 
stock. Fishes with 51-55 vertebrae were classified as White Sea herring (7 specimens), 
while Atlantic herring had 56-59 vertebrae (16 specimens, their karyotype is described in 
Lajus (1994)). 

Fishes were kept in fish-wells (1 x 1 x 1 m) in the sea or in tanks of 100-400 I, 

The attempts to apply the most-used fish chromosome techniques (McPhail and 
Jones, 1966; Denton, 1973) for spawning herring were not successful due to a low num¬ 
ber of suitable mitotic plates. Therefore the technique of Gold (1974), with modifications 
by Shelenkova (1986), and with some adaptations for the herring described below, was 
applied. 

An intramuscular injection of colchicine (0.1-0.5%) was used. Dose and exposi¬ 
tion of colchicine depend considerably on the temperature (studies were carried out at the 
temperature range from -1° up to +18°C). At low temperature (-1° to +5 D C) the best results 
were obtained at the colchicine dose 0.02-0.04 mg per g of fish weight and at an exposi¬ 
tion of 8-12 h. At high temperatures (+10° to +15°C) the optimal colchicine dose was 
0,003-0.005 mg/g, exposition 2.5-4 h, Cleaned pieces of kidney were suspended i n 
hypotonic solution (0,55% KC1) at room temperature. After 12-13 min hypotonic pro¬ 
cessing was stopped by adding 1-2 drops of fixative (ethanol-acetic acid 3:1} and then the 
samples were centrifuged at 1000-1200 rev/min for 5-6 min. Fixative was replaced at 
least twice prior to preparing slides by air-drying. Slides were stained in 3-3% Giemsa 
solution (pH = 6.8) for 10-12 min. 

Three or more meraphase plates were analyzed from each fish (Table I), 

Larvae 

Larvae were obtained from eggs collected at the spawning grounds at the end of the 
incubation period (slow-growing herring), or from artificially fertilized eggs incubated i n 
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the laboratory (fast-growing herring) (Table I), Newly hatched larvae (1-2 days after 
hatching) were analyzed by the method of colchicine baths (Skvortzova, 1975). Larvae 
were kept in colchicine solution (0.005-0.01%) at a temperature near 10°C for 3-8 h. To 

Table 1. - Results of the White Sea herring karyotyping. h A - adult, L - larvae. E - embryos on the 
stage of early eye-pigmentation; 2} for larvae and embryos the number of samples is given in brackets; 
^embryos were collected in natural spawning grounds; 4, tarvae were Obtained after incubation in 
laboratory of embryos, collected in natural spawning grounds; 5 'larvae were obtained in laboratory 
after artificial fertilization and incubation of embryos. 


Location 

Data of 
sampling 

Growth 

rata 

MatheriaL 

used 

Number of 
specimens 
observed 

2) 

Number of 
metaphase 
plates 
observed 

Nti 

sped 

52 

iiriber 

mens 
2n = 
51 

of 

with 

so 

Chavanga 

Aug 1986 

Slow 

A, feeding 

29 

til 

29 


- 

Chavanga 

Aug 1990 

Slow 

A, feeding 

32 

145 

32 


- 

Pila 

Aug 1990 

Slow 

A. feeding 

29 

155 

29 


- 

Chupa 

Apr 1985 

Slow 

A. spawning 

21 

92 

21 


- 

Chupa 

May 1985 

Slow 

A, spawning 

5 

32 

5 


- 

Chtipa 

May 1985 

Fast 

A. spawning 

7 

30 

7 


- 

Chtipa 

Jun 1985 

Slow 

A. spawning 

3 

14 

3 


- 

Chtipa 

Jim 1985 

Fast 

A, spawning 

8 

32 

8 


- 

Chtipa 

Jun-Aug 1985 

Slow 

A, feeding 

18 

93 

IS 



Chtipa 

Apr 1986 

Slow 

A, spawning 

43 

140 

43 


- 

Chupa 

May 1986 

Slow 


248(3) 

248 

246 

2 

- 

C h upa 

May 1986 

Fast 

A, spawning 

2 

12 

2 


- 

Chupa 

Jun 1986 

Slow 

A. spawning 

5 

21 

5 


- 

Ch upa 

jun 1986 

Slow 

L 4} 

18(2} 

IS 

18 


- 

C h upa 

Jun 1986 

Fast 

A, spawning 

31 

112 

30 

1 

- 

Chupa 

Apr 1987 

Slow 

A, spawning 

32 

112 

32 

1 

- 

Chupa 

Apr 1987 

Fast 

A, spawning 

7 

30 

7 

- 

- 

Chupa 

May 1987 

Slow 

E 3 ? 

511(5) 

511 

509 

2 

- 

Chupa 

Jun 1987 

Slow 

L 41 

44(3) 

44 

44 

- 

* 

Chupa 

Jun 1987 

Fast 

A, spawning 

29 

124 

29 

- 

- 

Chupa 

Jun 1987 

Fast 

L5> 

81(5) 

81 

81 

- 

* 

Chupa 

Jun-Aug 1987 

Slow 

A, feeding 

17 

92 

17 

- 


Kasian 

May J9S8 

Slow 

e 3) 

321(3) 

321 

320 

I 

- 

Pongoma 

Aug 1986 

Slow 

A. feeding 

8 

30 

8 

- 

- 

Pongoma 

Aug 1990 

Slow 

A. feeding 

24 

93 

24 

- 


Sorokskaya 

May 1986 

Slow 

A, prespawning 

16 

59 

12 

4 

- 

Sorokskaya 

May 1986 

Fast 

A, prespawning 

14 

48 

12 

2 

* i 

Sorokskaya 

Aug 1990 

Slow 

A. feeding 

36 

no 

32 

4 

- 

Kolezhma 

May-Jun 1986 

Slow 

A, spawning 

20 

73 

19 

1 , 

- 

Kolezhrna 

May-Jun 1986 

Fast 

A. spawning 

8 

35 

8 



Kolezhma 

May-Jun J987 

Slow 

A, spawning 

73 

258 

67 

6 

- 

Kolezhma 

May-Jun 1987 

Fast 

A, spawning 

12 

40 

10 

2 

- 

Kolezhma 

Jun 1987 

Slow, fast 

E 3 * 

713(7) 

713 

649 

61 

1 - 

KLy 

May-Jun 1988 

Slow 

A, spawning 

35 

114 

31 

4 

- 

Kiy 

Aug 1990 

Slow 

A feeding 

36 

119 

30 

5 

i 

Pushlakhta 

Aug 1986 

Slow 

A, feeding 

63 

199 

50 

to 

3 

Pushtakhta 

Aug 1990 

Slow 

A, feeding 

34 

101 

30 

4 

- 

Suzma 

Aug 1990 

Slow 

A. feeding 

45 

183 

34 

10 

I 
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prepare cell suspensions, 50-100 larvae per sample were used. Further processing was the 
same as for adults. 

Embryos at the stage of early eye-pigmentation 

Eggs (1000-2000) were collected from littoral or sublittoral vegetation ( Fucus , 
Ascophyilum) on sites of the spawning ground where egg mortality was not observed. 

Capsules of eggs were separated by passing through suitable gauze in petri dishes 
with physiological solution at room temperature. Colchicine was added to the solution to 
make the concentration about 1 mkg/ml for 1 h. After this, physiological solution was 
carefully replaced with hypotonic solution (0.55 KG) for 15 min (temperature 2G-25 D C), 
and fixed for 2-12 h. Then pieces of embryos were suspended and air-dried slides were 
made. The quality and quantity of metaphase plates were greatly dependent on the stage of 
embryogenesis. The best stage for analysis was at beginning of the eye-pigmentation. 
Under optimal conditions it is possible to obtain 200-300 well-spread metaphase plates 
per slide; 40-150 plates in each slide were usually analyzed (Table I). 

Blastula embryos 

A modification of the squash technique (Prokofieva, 1935; Svardson, 1945; 
Skvortzova, 1975) was used. 

Embryos were obtained by means of artificial fertilization. The karyotypes of pa¬ 
rents, and embryos on the stage of early eye-pigmentation from the same samples, were 
analyzed subsequently. The mortality of eggs during the incubation period was not obser¬ 
ved. 3-7 consequent fixations in ethanol-acetic fixative (3:1) were made. At the tempera¬ 
ture of incubation, -r+l 0 C, first fixations were made after 3-4 days from the beginning of 
incubation (intervals 12-24 h). The higher the temperature the less was the period to the 
first fixation and the intervals between subsequent fixations. The capsule of the egg was 
destroyed to separate an embryo. Then the embryo was squashed between two cover- 
glasses, dried, and hydrolyzed in 6N HC1 for 5-10 min to avoid overstaining the cyto¬ 
plasm. Slides were stained in 5-10% Giemsa solution (pH = 6.8) for 10-12 min. 

Nine series were analyzed: three series each of slow- and fast-growing Kanda¬ 
laksha herring (Chupa) and slow-growing Onega herring (Kolezhma). One metaphase 
plate from each blastula was examined. 


RESULTS 


Adults 

Three different karyotypes have been found in the White Sea herring: 2n - 50, 
2n = 51, 2n = 52; NF = 60. The karyotype 2n = 52 (Fig. 2A) was the most common. 
This karyotype has the following features: 

- chromosomal formula - 6m + 2sm + 44a; three pairs of metacentrics and one 
pair of submetacentries may be identified by measurements of relative length (RL) and 
centromeric index (Cl); among acrocentrics it is possible to identify three pairs of the 
smallest ones, the remaining chromosomes form a row gradually decreasing in length 
(Table II); 

- the absolute length of the chromosomes varies from 1.5 to 6.0 fun; 

- in some metaphase plates, of several specimens, 1-2 subtelocemric chromoso¬ 
mes were found; 
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Ftg, t. - Karyotypes of the White Sea herring with 2n = 52, NF^60 (A); 2n = 5I, NF = 60(B); and 
2n = 50, NF ~ 60(C). Scale = 10 pm 


- in the metaphase plates with low condensation of chromatin, satellite chromo¬ 
somes and chromosomes with secondary constrictions were sometimes visible. 
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Karyotypes 2n = 51 and 2n - 50 contain, respectively, 1 or 2 large metacen- 
trics more and 2 or 4 acrocentrics less than karyotype 2n = 52. These metacentrics are 
about twice as large as the large acrocentrics (Fig. 2B, C, Table II), Comparison of the 
karyotypes described above showed that each large metaeentric in the karyotypes 
2n = 51 and 2n = 50 is a result of fusion of two acrocentrics (Robertsonian fusion). No 
chromosomal differences between males and females have been found. 

Karyotypes of the herring from different regions of Kandalaksha and Onega Bays, 
with the same diploid number, did not differ in the relative length or centromeric index of 
the chromosomes (Lajus, 1989a, Tables I-III). 

In some locations, where the proportion of fishes with 2n « 51 and 2n - 50 is 
relatively high (Pushiakhta and Suzma), sometimes individuals with modal chromosome 
number 2n = 52 had some cells with 2n = 5L 

Comparison of the different groups of White Sea herring from the same location, 
in the frequency of chromosomal rearrangement, indicates the lack of statistically signi¬ 
ficant differences between them (t-test for comparing of shares according to Lakin (1990) 
was used). 

The following groups were compared: (1) collected in different years; (2) spaw¬ 
ning and feeding herring; (3) slow- and fast-growing herring. 

The absence of statistically significant differences allows ail samples from the 
same location to be pooled for further analysis. 

Larvae 

In slides of larval material, the number of mitotic plates suitable for karyotyping 
was usually less than in adults or in the embryos at the stage of early eye-pigmentation. 
In all cases karyotypes 2n = 52, NF - 60 were found. 

Embryos at the stage of early eye-pigmentation 

Observations of the herring's spawning behavior indicated a wide dispersion of 
eggs and sperm in the spawning grounds (Blaxter and Hunters, 1982; Lajus, 1989b). So, 
in small areas of a spawning ground there were offsprings of many parental fishes. There- 

Table II. - Relative length (RL. %%) (M ± m, p < 0.05) and centromeric index (Cl, %%) (M ± m, 
p < 0.05) of chromosomes in karyotypes of the White Sea herring with 2n - 52 (26 metaphase plates 
from 26 slow-growing herrings (Chopa/ Kandalaksha Bay) were examined) and with 2n = 50 (10 
metaphase plates from 2 herrings (Pushlakhia/Onega Bay) were examined). 


N Q of 

chromosomal 

pairs 

2d = 

52 

N* of 

chromosomal 

pairs 

2n = 

50 

Type 

RL 

Cl 

RL 

Cl 

- 

- 

- 

1 

9.98 ±0.12 

49.0 ± 0.4 

m 

1 

4,47 ±0,03 

47.2 ±0.7 

2 

4.52 ±0.10 

47.1 ± 0,9 

m 

2 

4.38 ±0.02 

40,0 ±0.5 

3 

4.33 ± 0,07 

39.2 ±0,5 

m 

3 

3.5S ± 0 05 

44.3 ± 0,7 

4 

3.60 + 0 07 

43.8 ± 1.0 

m 

4 

3.37 ±0.05 

38,2 ± 0,8 

5 

3.47 ±0.11 

39.8 ± 1.0 

sm 

5 - 23 

from 5,32 ro 3.24 

- 

6 - 22 

from 5.32 to 3.25 

- 

a 

24 

2.76 ± 0.04 

- 

23 

2.71 ±0,08 

- 

□ 

IS 

1.94 ±0.03 

- 

24 

1,91 ±0,08 

- 

a 

26 

1.62 ±0,05 

- 

25 

1.52 ± 0.12 

- 

a 












Table UL - Number of secondary constrictions and satellite chromosomes per cell in blasiula embryos. 
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fore the sample of eggs from a small part of a spawning ground may be a sample represen¬ 
tative of the whole population. 

Karyotypes of the White Sea herring are differentiated by the presence or absence 
of one or two well-visible large metacentric chromosomes (Lajus, 1989a), This allows 
one metaphase plate only to be analyzed for the identification of each individual karyo¬ 
type. 

Pooled samples from Kandalaksha and Onega Bays differed significantly 
(p < 0.001) from each other in the frequency of chromosomal rearrangement (Table I), 

Blastula embryos 

A large part of the previous chromosomal data on the White Sea herring was ob¬ 
tained using blastula embryos (Skvortzova, 1975). My studies (Lajus, 1987, 1990) did 
not support the data of Skvortzova on differences between the White Sea herring popula¬ 
tions in the number of chromosomes. However, Skvortzova also found differences in the 
number of satellite chromosomes and chromosomes with secondary constrictions. There¬ 
fore this part of the article Is devoted to analysis of these structures. 

Metaphase plates from blastula embryos do not allow the precise number of chro¬ 
mosomes and chromosomal arms to be estimated. Due to the overlapping of chromoso¬ 
mes it is impossible to distinguish a chromosome with secondary constriction from two 
chromosomes lying near one another. So I used series in which the karyotype was analy¬ 
zed on parental fishes and embryos at the stage of early eye-pigmentation (Table III), 

The number of chromosomes with secondary constrictions per cell varied from 0 
to 5, the average for the sample ranged from 2.56 to 3,00 (Table HI, see also fig, 4 in 
Lajus (1989a)), 

Satellite chromosomes were analyzed in the same cells. They were usually associa¬ 
ted with acrocentrics of large or middle size. The number of satellite chromosomes per 
cell varied from 0 to 4, the average for the sample was from 2,55 to 2.95 (Table III, see 
also fig. 4 in Lajus (1989a)), Both the number of the satellite chromosomes, and of the 

Table IV. - Frequency of chromosomal rearrangement of the White Sea herring. h Only adults; 2) only 
embryos at the stage of early eye-pigmentation;among them: 228 adults, 143 larvae, 759 embryos at 
the stage of early eye^pigmentation; J Wong them: 113 adults, 713 embryos at the stage of early eye- 
pigmentation ; s *NS: not significant (p > 0.05), *: p <0,G5 T **: p <0,01 f ***: p < 0,001. 


N 

Location 

of 

s&m pting 

Number of 

specimens 

Frequency of 

rearrangement 


Statistical significance of 

differences 5) 

t 

2 

3 

4 

5 

6 

7 
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chromosomes with secondary constrictions, varied greatly in different cells of one sam¬ 
ple. No differences between herring stocks were found (Table III). 

Data obtained indicate that differences between samples in the frequency of chro¬ 
mosomal rearrangement are due to geographic location of sampling only. All differences 
between samples collected in the same location may be considered as occasional ones. No 
differences in the number of satellite chromosomes or chromosomes with secondary 
constrictions have been found. 

To show the overall picture of geographic variation of chromosomal comple¬ 
ments of the White Sea herring, all samples from the same location for adults, larvae and 
embryos on the stage of early eye-pigmentation were pooled (Table IV). 

The frequency of the rearrangement increases from north-west to south-east of the 
White Sea. The area of herring with a low frequency of the rearrangement (0.000 - 0.005) 
includes Kandalaksha Bay and adjacent parts of the Basin. In the interior parts of Onega 
Bay the herring have a higher frequency of the rearrangement (0.04-0.08). The herring 
from Dvina Bay have the highest frequency found (0.133). In the border between Onega 
and Dvina Bays locations (Pushlakhta) the frequency of the rearrangement is intermediate 
(0.103). 


DISCUSSION 

The main difficulty of the chromosomal analysis of fishes is the low number of 
dividing cells in adult fishes, especially in the spawning period. At the same time, the 
data obtained in this period are the most informative for population analysis of such 
mobile fishes as herring. This fact is probably a key for understanding why some pre¬ 
viously reported karyological data of the White Sea herring are not confirmed by those 
presented here. 

Skvortzova (1974a, 1975) reported that the spring-spawning slow-growing her¬ 
ring of Kandalaksha Bay (Chupa) have 2n = 52, while summer-spawning fast-growing 
herring of the same location and slow-growing herring from Onega (Kiy) and Dvina Bays 
(Yagri) have 2n * 54, These groups differ in number of the secondary constrictions (0 
and 2-4 respectively) and the satellite chromosomes (0 and 2-4), In order to obtain a 
sufficient number of metaphases for analysis, the blastula squash technique was used i n 
these studies. This blastula technique was widely used earlier, but due to difficulties of 
chromosome counting and analysis of their morphology it is not suitable for accurate 
karyotyping in many fish species (Ohno et al. f 1965; Roberts, 1967). Subsequent studies 
on adult herring and embryos revealed that the blastula technique does not yield adequate 
results in this species also (Lajus, 1987, 1989a; Klinkhardt, 1993b), Also in support of 
this view is the discrepancy of data on Atlantic herring blastulae (2n = 54), presented by 
Skvortzova (1974b), compared with those obtained after colchicine pretreatment 
(Roberts, 1966; Lajus, 1992, 1994; Klinkhardt, 1993a) (2n - 52). In a case when 
Skvortzova (1975) used colchicine pretreatment (in larvae) the results were quite similar 
to data from other studies. Data on the number of secondary constrictions and satellite 
chromosomes from blastulae, presented here (Table III) also provide evidence for the 
absence of differences between different populations in the number of these structures, 

Krysanov (1978) used a squash technique with colchicine pretreatment in spaw¬ 
ning herring. He found intrapopulation differences in the chromosome number of the 
spawning herring from Onega Bay (Kolezhma) (16 fishes had 2n - 52, NF = 58 and 2 
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fishes had 2n = 54, NF = 58). Krysanov explained these differences by Robertsonian 
rearrangement, however he did not explain the absence of fishes with 2n = 53 in spaw¬ 
ning grounds where fishes with 2n - 52 and 2n = 54 spawn together- I examined 113 
adults and 713 embryos from Kolezhma, but did not find herring with 2n = 54 and/or 
with NF = 58. Unfortunately, direct detailed comparison of karyotypes is impossible, 
because illustrations are not given in Krysanov f s paper. 

Therefore, all previous findings of differences between the White Sea herring po¬ 
pulations were not supported by my results. According to the data obtained, the only 
chromosomal difference between the White Sea herring populations which is known at 
present is due to Robertsonian polymorphism 2n ^ 52, 51, 50. 

The frequency of this rearrangement is rather low in all the White Sea herring 
stocks. So it is necessary to use a large number of specimens to obtain statistically signi¬ 
ficant results. Therefore a special modification of the chromosome technique, for em¬ 
bryos, has been developed. The advantages of this technique are as follows: 

- the possibility of analyzing a large number of specimens; 

- the material may be sampled without special tools: eggs of the White Sea her¬ 
ring are usually laid on littoral or sublittoral vegetation to a depth of 5 m, live eggs are 
often cast ashore and may be collected; 

- easy manipulation with embryos: transportation and additional incubation (if 
necessary) of eggs, and making the slides, are possible in the field* 

Although this modification may be used during spawning the period only, it 
seems to be promising for the White Sea herring chromosomal investigations. 

The good agreement of data presented here with those reported recently by Klin- 
khardt (1993a, b) should be noted. Klinkhardt studied 21 slow-growing and 18 fast- 
growing herring from Kandalaksha Bay, All specimens had 2n = 52 and configuration 
6m + 2st + 44a, NF = 58, without any polymorphism. The fourth chromosome pair 
was classified as subtelocentric, whereas I classified it as submetacentric according to 
centromeric index (38-40%, Table II)* Probably Klinkhardt used, for analysis metaphase 
plates with more condensed chromatin and, consequently, obtained a smaller value of arm 
ratio of bi-armed chromosomes. As in my observations (Lajus, 1989a), Klinkhardt noted 
heteromorphism of large acrocentric chromosomes. Silver staining revealed that this 
heteromorphism is not due to the presence of a nucleolar organizer region, which is loca¬ 
ted between the 4th and 6th acrocentrics (Klinkhardt, 1993a, fig. 9a)* It may be associa¬ 
ted with one of the pairs of satellite chromosomes, which are well visible in blastula 
metaphase plates (Lajus, 1989a)* 

Most of the Qupeidae have diploid chromosome number, 2n = 44-54 and a num¬ 
ber of chromosomal arms, NF = 46-60 (Doucette and Fitzsimons, 1988), Their karyoty¬ 
pes are dose to the ancestral type of Teleostei, presumably containing 48 acrocentrics 
(Ohno, 1970). This is evidence of a low rate of chromosomal evolution of Qupeidae, in 
comparison with other fishes. Chromosomal polymorphism, described here, is found in 
Qupeidae for the first time. It can be noted, that 6 or 7 of 15 investigated fish species 
from the White Sea (excluding Clupea pallasi) are not chromosomally monomorphic: 
Myoxocephalus scorpius (V asifev, 1985; Lajus, 1992); Salmo salar (Semenova, 1987); 
Coregonus lavaretus (Yershov and Lajus, 1993); Gymnacanthus tricuspis, Eleginus nava¬ 
ga, Lumpenus fabricii and, probably, Zoarces viviparus (Lajus, 1992). 

When chromosomal polymorphism is investigated, it is usually difficult to deter¬ 
mine what karyotype is ancestral. In the White Sea herring the analysis of the related 
forms permits affirmation that the ancestral karyotype is 2n = 52 and, consequently, a 
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fusion of acroeentries with reduction of the chromosomal number takes place. The 52- 
chromosome complement is typical both for G pallasi pallasi (Ohno et al , 1969) and for 
G harengus (Roberts, 1966; Lajus, 1992, 1994; Klinkhardt, 1993a). The number of 
subtelocentric chromosomes in the karyotype of the Atlantic herring is, probably, so¬ 
mewhat larger than in the Pacific one (chromosomal formula is 6m + 2sm 
+ 2st + 42a (Lajus, 1994), So the karyotype 6m + 2sm + 44a seems to be ancestral 
for G harengus also. 

It is considered that divergence of the White Sea populations began about 10 
thousand years ago (Deriugin, 1928; Berg, 1934; Andriashev, 1957). Division of fre¬ 
quency of the rearrangement (0.13 for Dvina Bay herring) by the time of rearrangement 
yields a rate of fixation of the chromosomal rearrangement: 1.3x10 s rearrangements per 
year. The mean rate of fixation in Teleostei may be assessed by means of division of the 
average number of rearrangements per year per species (about 2.9x1 O' 8 , Bush et al , 1977) 
by the proportion of polymorphic species (0.01, Vasil'ev, 1985), The result (2.9xl0’ 6 ) 
shows, that in the White Sea herring (population of Dvina Bay) the rate of fixation is 
about 5 times higher than the average in Teleostei. 

Fixation of the chromosomal rearrangement in a population depends on several 
factors and their combinations: genetic drive, inbreeding, meiotic drive and selection 
(White, 1978; Hedrick, 1981). Observations on herring spawning behavior indicate the 
high mixing of fishes in their populations. Populations are usually large, and individuals 
have a high mobility (Blaxter and Hunter, 1982). This decreases the role of the first two 
factors in explaining the fixation of a new chromosome morph and, conversely, increa¬ 
ses the role of the two other factors. 

Meiotic drive, even if rather slow, may have serious populational and evolutional 
consequences (Hedrick, 1981; Walsch, 1982). The advantage of meiotic drive as an ex¬ 
planation of fixation of chromosomal rearrangement is its ability to increase the rate of 
fixation of chromosomal rearrangement not only in small denies, but in large popula¬ 
tions also (theoretical analysis by Walsch, 1982). Meiotic drive probably is a potential¬ 
ly important factor for chromosomal speciation, but its actual role is not quite clear at 
present (Gileva, J990). 

Selective advantage of individuals with reduced chromosome number may be due to 
new chromosomes, which contain a complex of associated genes (Sheet, 1972; 
Birshtein, 1987; Kirpichnikov, 1987). Moreover, an important factor of increasing of 
the frequency of chromosomal rearrangement, especially at low frequency, may be the 
enhanced fitness of heterozygotes, observed in some animals (Baker et al, 1983; Chris¬ 
tensen and Pedersen, 1982). After occupation of the White Sea, herring colonised a new 
environment, which resulted in chromosome alteration in the south-east pan of the area. 
Rearrangement 2n = 52, 51, 50 was supported by selection and transmitted to all areas. 
Observed differences in frequency of rearrangement may be explained by the selection 
against herring with 2n = 51 and/or 2n = 50 in the north-west of the area or by pre¬ 
sence of ecological barriers between stocks* which prevent gene flow. 

The data obtained allow the following conclusions concerning population struc¬ 
ture and evolution of the White Sea herring (Lajus, in press); 

- all stocks of the White Sea herring have derived from the Pacific herring but not 
from the Atlantic and the Pacific herring as some authors considered (Dushkina, 1975; 
Skvortzova, 1975); 

- the White Sea herring is not a single population. The viewpoint of Lapin and 
his supporters (e.g., Lapin, 1966; Lapin and Pokhiliuk, 1993) is incompatible with 
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differences in the frequency of chromosomal rearrangement in herring from different 
localities. Differentiation of the White Sea herring stocks was also supported by recent 
studies of models based on fishery statistics (Naymark and Frolov, 1993). At the same 
time* the presence of Robertsonian polymorphism in all populations studied reveals the 
limited gene flow between them; 

-chromosomal data allow identification of differences between stocks which in¬ 
habit different parts of the sea* but not between slow-and fast-growing herring. Slow- and 
fast-growing herring from the same location are closer to each other than slow- (or fast-) 
growing ones from different locations. Formerly it was considered (e.g., Rabinerson, 
1925; Averintsev, 1927) that there are two large groups of the White Sea herring: fast¬ 
growing (C. harengus pallasi marisalbi var. a (Rabinerson)) and slow-growing (Clupea 
harengus pallasi marisalbi var. b (Rabinerson)), each forming stocks in different parts of 
the sea. 

Therefore chromosome studies contribute to the general picture of the White Sea 
herring population structure. However, this method has the following limitations: popu¬ 
lations can be compared in one parameter only - frequency of the chromosomal rearran¬ 
gement, It is entirely possible, that evolution of some stocks (for instance, stocks from 
Kandalaksha Bay and adjacent parts of the Basin) did not involve with the divergence of 
chromosomal sets. Moreover, no chromosomal differences between populations from the 
same location were found. These populations* probably, have not diverged sufficiently to 
have detectable chromosomal differences. 

As regards future population studies of herring of the North of Russia, I think that 
the chromosomal method could yield interesting results by comparing populations from 
distinct parts of the White Sea and adjacent parts of the area of Pacific herring: Mezen 
Bay, Chesha Bay, Pechora Bay and the Kara Sea, Concerning the populations already 
studied, other methods of population genetics such as protein electrophoresis and nucleic 
acid technologies seem to be informative. These methods are widely used in herring popu¬ 
lation studies (Anderson et ah 1981; Romfield et aL t 1982; Grant, 1984; Gram and 
Utter, 1984; Ryman et ai, 1984; Komfield and Bogdanowicz, 1987; Schweigert and 
Withler, 1990). New opportunities are opened up also by the assessment of developmen¬ 
tal stability and phenotypic variability. Use of these approaches may reveal possible 
reasons for the divergence between White Sea herring populations (Lajus, 1996, in 
press). 
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